Carotid or cerebral artery stenosis resulting in low perfusion is a major cause of ischemic stroke. Understanding the unique hemodynamic features in each patient undergoing a stroke-in-progress (SIP) and the correlation between progression and cerebral blood fl ow (CBF) status would help in the diagnosis and treatment of individual patients. We used xenonenhanced CT (Xe-CT) to examine cerebral perfusion in patients with or without SIP (30 patients/group), recruited from October 2009 to October 2010. Only SIP patients with unilateral stenosis in the internal or middle cerebral artery were recruited. The occurrence of watershed infarction was higher in the SIP group than in the non-SIP group (P <0.05). In the SIP group, larger hypoperfused areas were found around the lesions than in the non-SIP group. In the SIP group, the CBF values in the ipsilateral areas were signifi cantly lower than those in corresponding regions on the contralateral side. CBF values in the contralateral hemisphere were significantly lower in the SIP group than in the non-SIP group. In SIP patients, infarctions were surrounded by larger hypoperfused areas than in non-SIP patients. These larger hypoperfused areas may result in pathological damage to the brain that is responsible for the progression of stroke.
INTRODUCTION
Stroke is the third leading cause of death and disability in the USA [1] and the second leading cause of death in China [2] . Neurological deterioration is common during the acute phase, and early progression accounts for much of the total burden of death and long-term disability [3, 4] . The underlying mechanisms are largely unclear. Stroke-inprogress (SIP) is encountered in several major types of stroke [5] . It occurs in ~30% of patients with acute stroke and negatively affects the prognosis and mortality. The underlying pathogenesis is not well understood. It has been demonstrated that cerebrovascular stenosis is an important cause of SIP [5, 6] . The degree of vascular stenosis-induced brain perfusion directly determines the progression and outcome of stroke. Many patients suffer progressive neurological deterioration that is often accompanied by ongoing hemodynamic instability [7] . It is unknown whether the hemodynamic features differ between patients with and without SIP. Furthermore, few reliable measures are available for early diagnosis and appropriate treatment.
Xenon-enhanced CT (Xe-CT) systems equipped with Neurosci Bull December 1, 2013, 29(6) : 693-700 694 stable (non-radioactive) xenon and a standard CT scanner have been used to measure cerebral blood flow (CBF).
These systems can be used for real-time imaging, making it possible to evaluate local and whole cerebral perfusion as a function of time. In this study, we aimed to quantify CBF by Xe-CT and evaluate the associated clinical signs and variations in patients with SIP.
METHODS Participants
The study design was approved by the Ethics Committee of the First Norman Bethune Hospital of Jilin University. 
Criteria of SIP and non-SIP
Standardized neurological assessments were performed daily for the fi rst 3 days in the patients with acute stroke.
Using the Scandinavian Stroke Scale scoring system, SIP was defi ned as a ≥2-point worsening in the conscious state and arm, leg, or eye movement scores and/or a ≥3-point worsening in speech score. Comparisons were made between the scores obtained from assessment on day 3
and baseline scores unless death occurred within 72 h of onset [3, 8] . If there was no improvement in the neurological assessment or scores did not reach the SIP standard, the condition was defined as non-SIP. Patients with poor Xe-CT CBF images and patients with serious consciousness disorders were excluded. Serious consciousness disorders included stupor, coma, or inability to cooperate suffi ciently to complete the Xe-CT scans.
TCD Protocol
We insonated the terminal ICA, MCA, anterior and posterior cerebral arteries, bilateral vertebral arteries, and basilar arteries. Focal stenosis of the MCA or ICA was diagnosed as a focal elevation in peak systolic fl ow velocity >120 cm/ s or a mean velocity >80 cm/s or a difference between the ipsilateral and contralateral mean velocities of >30 cm/s with or without turbulence/spectral broadening and vessel wall vibration [9, 10] . air mixture containing 28% xenon [11] [12] [13] . Regional CBF was calculated using DDPI software. The largest slice of infarction from each patient was analyzed. Two regions of interest (ROIs) >1 cm² were drawn freehand on the CT scan; one area was around a low-density area, and the other was around a mirror region of normal-appearing brain tissue in the contralateral hemisphere. In each ROI, the CBF values were calculated and the means were expressed as milliliters per 100 g brain tissue per minute (mL/100 g/min). Two ranges of CBF were evaluated: 10-20
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and 20-30 mL/100 g/min. The DDPI Xe-CT software was used to select the zones consistent with these ranges and then the total areas of the zones were calculated. We compared the CBF values in the ipsilateral and contralateral sides in each group.
Statistics
The Statistical Program for Social Sciences (SPSS) 17.0 was used for data analysis. Comparisons of regional CBF values between the ipsilateral and contralateral sides in the SIP and non-SIP groups were performed with the paired two-tailed t-test. The level of signifi cance was set at P <0.05.
RESULTS

Demographic Information
Of the 150 stroke patients admitted to the Department of No significant differences between the SIP and non-SIP groups were found in most of the serious risk factors for stroke (age, sex, hypertension, diabetes, hyperlipidemia, atrial fi brillation, coronary artery disease, alcohol use, and family history). However, smoking was more common in the SIP group than in the non-SIP group ( Table 2) .
Analysis of the Lesion Sites
In the SIP group, fi ve cases had lesions in the frontal, temporal, and parietal lobes; eight had lesions in the border zone of the fronto-parietal, parieto-occipital, and frontotemporal lobes; two showed a large infarct involving the left frontal, temporal, and parietal lobes; in 11, lesions were found in the white matter lateral to the lateral ventricle; and in four the lesions were in the basal ganglia (Table 3 ).
In the non-SIP group, six cases had lesions in the frontal, temporal, and parietal lobes; in four the lesions were in the border zone of the fronto-parietal, parieto-occipital, and fronto-temporal lobes; three had a large infarct involving the left frontal, temporal, and parietal lobes; six had lesions in the white matter lateral to the lateral ventricle; and in 11 the lesions were in the basal ganglia (Table 3) .
When the two groups were compared, the occurrences of infarction in watershed areas and in the white matter lateral to the lateral ventricle were higher in the SIP group than in the non-SIP group. However, the occurrence of infarcts among lobes and large infarcts was similar in the two groups. Finally, the occurrence of infarcts in the basal ganglia was lower in the SIP group than in the non-SIP group (Table 3) .
CBF Values and Hypoperfused Areas in the Ipsilateral
Hemisphere
In both groups, the CBF values in the ipsilateral areas were significantly lower than those in corresponding regions on the contralateral side. In the SIP group, the ipsilateral CBF was 14.40 ± 3.46 mL/100 g/min, and the contralateral CBF was 38.59 ± 9.45 mL/100 g/min (P <0.05); whereas in the non-SIP group, the ipsilateral CBF was 25.51 ± 3.55 mL/100 g/min, and the contralateral CBF was 49.91 ± 11.34 mL/100 g/min (P <0.05). The CBF values in the contralateral hemispheres were significantly lower in the SIP group than in the non-SIP group (38.59 ± 9.45 mL/100 g/min vs 49.91 ± 11.34 mL/100 g/min, P <0.05).
In the SIP group, the hypoperfused areas around lesions in the ipsilateral hemisphere were signifi cantly larger than those in the contralateral hemisphere (Fig. 1) . The size of the hypoperfused area in the ipsilateral hemisphere with CBF values in the 10-20 mL/100 g/min range was 1723 ± 528 pixels, whereas in the contralateral hemisphere, the size averaged 1100 ± 387 pixels (t = 8.5, P <0.05; Fig.   2 and Table 1 ). For CBF values in the 20-30 mL/100 g/ min range, the ipsilateral lesions averaged 1491 ± 424 pixels and the contralateral lesions averaged 1269 ± 437 pixels (t = 3.6, P <0.05; Fig. 2 and Table 1 ). In the non-SIP 10-20 and 20-30 are the cerebral blood fl ow thresholds (mL/100 g per minute). *Zones consistent with the range of CBF values were selected automatically using the instrument software. Total areas are given in pixels. patients, very small areas of hypoperfusion were observed around the lesions (Fig. 1F) . For 10-20 mL/100 g/min, the hypoperfused areas were 1324 ± 529 pixels in the 
DISCUSSION
Hemodynamic compromise has long been regarded as the primary mechanism underlying deep watershed infarction.
In the present study, we showed that the occurrence of infarction in watershed areas and white matter lateral to the lateral ventricle was higher in the SIP group than in the non-SIP group. Our data suggest that abnormal hemodynamics occur in the SIP group, as previously proposed [14] . We found that the hemodynamic features in patients with SIP differed from those in non-SIP patients.
In the SIP group with ICA or MCA stenosis, infarcts were surrounded by large hypoperfused areas with CBF ranged from 10 to 30 mL/100 g/min. Previous studies have shown that if the CBF is <10 mL/100 g/min, this area develops into a permanent infarction; if the CBF ranges 10 to 20 mL/100 g/min, the area is defi ned as a "penumbra", and the outcome is variable; fi nally, a CBF from 20 to 30 mL/100 g/ min indicates a mildly ischemic area that would likely not cause permanent symptoms [15] [16] [17] .
In the present study, we mainly examined the penumbra and mildly ischemic area in patients with SIP by Xe-CT imaging, as these areas represent foci of potential pathological damage that might be responsible for the progression of stroke. In the SIP patients, the deterioration of these hypoperfused areas may directly cause the progression. If reperfusion of the penumbra occurs rapidly, neurons may recover and the patient may improve quickly.
In contrast, if no reperfusion occurs, an irreversible infarction will result in permanent neuronal damage [16] . We found that the CBF values in the contralateral hemispheres were significantly lower in the SIP group than that in the non-SIP group. The reason for this difference may be that the infarcts in SIP patients were surrounded by larger hypoperfused areas and, because of the difference in pressure, blood flow from the contralateral side into the ipsilateral side through the anterior communicating artery compensated for the loss of blood flow on the ipsilateral side [18] . Thus, our data provide indirect evidence of reduced blood fl ow in SIP patients compared to non-SIP patients.
In patients with SIP, it is necessary to understand the ipsilateral region vs 1341 ± 503 in the contralateral region (t = 0.4, P >0.05; Fig. 3 ; Table 1 ). For CBF values from 20-30 mL/100 g/min, the hypoperfused areas were 1612 ± 565 in the ipsilateral hemisphere and 1618 ± 534 pixels in the contralateral hemisphere (t = 0.1, P > 0.05; Fig. 3 ; Table mechanisms underlying each case in order to determine the optimal therapeutic regimen. From the evidence gathered in the present study, it appears that no general guidelines for treatment can be made for such patients because of the complicated conditions and variable pathological changes such as lacunae, distal field infarctions, thrombotic and embolic infarcts, and cerebral hemorrhages [5] . Based on our results, treatment of the emergent hypoperfusion should be considered. To achieve this, intravenous and intra-arterial thrombolysis, anticoagulation, and anti-platelet agents can be used for reperfusion therapy. However, the simplest and most critical treatment is to maintain adequate blood pressure. Although hypertension contributes to the pathogenesis of stroke, and many patients with acute stroke have elevated blood pressure, attempts to reduce the blood pressure in stroke patients can lead to disastrous results. A rapid decrease in blood pressure may reduce cerebral perfusion resulting in profound worsening of the neurologic deficits [19] [20] [21] [22] , especially in patients with SIP.
Therefore, lowering blood pressure should be performed carefully in these patients.
Our study characterized the hemodynamics of SIP in patients with ICA or MCA stenosis. The underlying pathogenesis of SIP is not well understood; we found that the infarcts were surrounded by large hypoperfused areas, which may contribute to the progression of stroke.
Importantly, the early prediction of SIP is very difficult. If we could identify and manage SIP at an early stage, the risk of further damage would be reduced. We analyzed the characteristics of infarction and the Xe-CT features of hemodynamic abnormalities in patients with SIP in the hope that identification of measureable characteristics would allow doctors to rapidly identify the condition [23] . We did not analyze the ICA stenosis and MCA stenosis separately due to the small sample size. Further studies are necessary to explore the correlation between the progression and the CBF status as well as the potential of Xe-CT maps in the diagnosis of SIP.
In summary, the occurrences of infarction in watershed areas and the white matter lateral to the lateral ventricle were higher in the SIP group than in the non-SIP group.
In the SIP group, the infarctions were surrounded by large hypoperfused areas, indicating potential pathological damage that may be responsible for the progression of stroke. Hemodynamic features observed with Xe-CT may allow us to identify and manage SIP early, which could reduce the risk of subsequent adverse events in these patients.
